This study was carried out to illustrate seroprevalence of Toxoplasma gondii and Brucella melitensis in local sheep and goat flocks living in Nile Delta regions of Egypt as well as to investigate its effects on animals' health and performance. In trial 1: 492 serum samples were collected from domestic ewes and does flocks suffering from abortion and stillbirths were used in this survey. In trial (2): 100 serum samples collected from toxoplasma or brucella infected or non infected sheep and goats were used to study the effects of toxoplasmosis and brucellosis on animals , health. This study revealed that 142 (28.86%) sera contained antibodies against Toxoplasma gondii and 89 (18.09%) were positive for Brucella melitensis. The incidences of toxoplasmosis and brucellosis were 31.01% and 12.26% in sheep, respectively and 17.11% and 36.84% in goats, respectively. Higher seroprevalence of Toxoplasma gondii was recorded in sheep with high flock size. Farmers using set stocking management had lower seroprevalence toxoplasmosis and brucellosis. Toxoplasmosis and brucellosis lowered serum albumin level and liver enzymes activities while, increased serum levels of globulin, urea, triglyceride and cholesterol in ewes. Serum levels of total protein, albumin and urea and the activity of serum aspartate amino transferase were decreased, however serum level of C reactive protein was increased in infected does. These results indicated that toxoplasmosis is widely spread than brucellosis in small ruminants living in the provinces of Nile Delta. Both toxoplasmosis and brucellosis inversely affected animals' health. Management practices had a role in spread of these agents.
Introduction
Small ruminant fetus could be exposed to viral (bluetongue virus, pest viruses and caprine arthritis encephalitis virus), bacterial (Brucella spp., Salmonella spp.) and protozoa (Toxoplasma gondii) infection from early embryonic term to the end of the gestation period. These diseases cause abortion, fetal loss and congenital abnobrmalities in lambs and kids (Aydin, 1997; Burgu et al., 1992; Fieni et al., 2003) . Toxoplasmosis and brucellosis are major zoonotic diseases in many countries and eradication of these diseases in animals is a required step to control the human diseases (Al-Sim'ani, 2000; Blood et al., 1986) .
Toxoplasma gondii is a highly ubiquitous and prevalent parasite. Despite the cat being the only definitive host, it is found in almost of geographical areas and warm blooded animals. The prevalence of seropositivity for toxoplasma antibodies varies with geographic location, flock and country (Tütüncü et al., 2003) . Acute acquired toxoplasmosis is most commonly asymptomatic, but it can range from mild symptomatic in the normal host to fulminante and fatal illness in the immunocompromised host. Toxoplasmosis is associated with the occurrence of embryonic death and absorption, fetal death and mummification, abortion, stillborn and neonatal mortality (Dubey, 2009) . Moreover, toxoplasmosis has harmful effects on the health and performance of ewes and does after parturition and sometimes leads to their death (Radostits et al., 2007) . Therefore, toxoplasmosis leads to major economic losses in livestock production (Freyre et al., 1999; Maki et al., 1996) .
Brucellosis in sheep and goats caused by Brucella melitensis frequently results in abortions and decreased the milk production (Shareef, 2006) . Brucellosis is one of the most economically devastating diseases that cause great losses among the offspring and health problems in the rural and urban population. Brucella infection in human beings occurs through the contact with the infected materials or consumption of the contaminated dairy products due to traditional feeding habits such as usage of raw milk and milk products (Garin-Bastuji et al., 2006) . Toxoplasmosis and brucellosis have serious effects on animal health because they infect vital organs in the body such as liver, kidney, muscle and heart leading to their damage, impairment of their function and increase or decrease the release of their enzymes according the stage of infection (Radostits et al., 2007 , Al-Majali, 2005 , Moss & Henderson, 1999 Remington et al., 2000) . In addition serum lipids are important mediators for host defense. Infection and inflammation decrease serum total cholesterol, but may increase triglycerides (Jahangiri al., 2009; McGullicuddy et al., 2009) . Some studies reported that cholesterol maintains a specialized type of membrane domain thus it acts as platform through which pathogens enter to infect host cells (Maxfield, 2002) . Thus toxoplasmosis and brucellosis lead to serious changes in the blood metabolites of infected animals. These changes in blood metabolites can be used as indicators for the infection with these parasites and consequently help in their diagnosis.
Although the serious economic losses caused by toxoplasmosis and brucellosis in small ruminants, there is no report concerning the distribution of Toxoplasma gondii and Brucella melitensis among the local sheep and goat flocks in the Nile Delta region of Egypt. Therefore, this study was carried out to: i)-estimate the seroprevalence of toxoplasmosis and brucellosis in local sheep and goats concerning localities, breeds, grazing system and flock size.
ii)-investigate the changes in blood biochemistry of the infected animals which reflect the effects of these diseases on animals' health and performances.
Materials and Methods

Trial 1: Survey Study of Agents Causing Abortion
492 blood samples were randomly collected from female's sheep and goats from five provinces in Nile Delta region. According to management practices, these flocks were classified into two flock sizes (≤ 15 and > 15) and two grazing systems (grazed and non grazed flocks). These animals were not vaccinated against Toxoplasma and Brucella. Obtained sera were stored at -20°C till analysis.
The sera were screened for Toxoplasma gondii specific IgM antibodies with an indirect shaemagglutination test (Toxo-HAI, Fumouze, France), according to the manufacturer's instructions. The negative and positive controls provided in the kit were included in all plates. The sera were also screened for Brucella melitensis (stained antigen suspensions) with agglutination test (Plasmatec Laboratory products, UK) (Farrell & Robertson, 1975) .
Trial 2: Effect of Toxoplasmosis and Brucellosis Infections on Animals , Health and Performance:
100 sheep and goats (50 animals in each species) were divided into three groups according to serological examination. One group was negative for toxoplasmosis and brucellosis (n=20), the second group was positive for toxoplasmosis (n=15) and negative for brucellosis and the third group was positive for brucellosis (n=15) and negative for toxoplasmosis. Females were weighted before breeding. Blood samples were collected for biochemical analysis. Litter size and incidence of abortion or still births were recorded.
The following metabolites were measured, serum activities of liver enzymes, aspartate amino transferase (AST) and alanine amino transferase (ALT) because they give an indication about liver damage as they produced intracellulary and their elevated serum levels indicate hepatocytes damage. Also serum levels of total protein, albumin, cholesterol, triglyceride and urea because elevated serum level of urea indicats impairment of kidney damage by a spectrophotometer (Spekol 11, Carl Zeiss Jena, Germany) according to the instructions of manufacture (Diagnostic diamond, Egypt) (Young, 2001) . Globulin concentration was calculated as the difference between serum total protein and albumin concentrations. C-reactive protein, inflammation marker, was measured by agglutination test (Spinreact, Spain). All the tests in trials 1 and 2 were carried out at the Laboratory of Husbandry and Animal Wealth Development Department, Faculty of Veterinary Medicine, Sadat City.
Statistical Analysis
Data were collected, organized and analyzed by using SPSS program. Data were expressed as mean ±SEM except mortality rates are expressed as a percentage. The data were analyzed statistically by ANOVA method and Duncan's test was used to detect differences among means using SPSS ® Statistical Software (SPSS ® 11.01 for Windows, 14). The differences between species, breed, flock sizes, grazing systems and provinces were tested using a chi-square test.
Result
Trial 1
Survey Study of Agents Causing Abortion
Clinical Findings
Clinically examined sheep and goats had no specific clinical signs of diseases. But their flocks were suffered from abortion in the previous pregnancy periods. The incidence of abortion recorded during this survey was ranged from 1-25%.
Serological Findings
Out of 492 serum samples 142 (28.86%) and 89 (18.09%) were seropositive for toxoplasmosis and brucellosis respectively (Table 1) . Differences among provinces were significant for toxoplasmosis (P < 0.0004) and brucellosis (P < 0.0097). Seroprevalence of toxoplasmosis presented the highest value in Kafr El-Sheikh province 91 (36.25%). However, Menoufia province had a higher brucellosis (28.57%) compared to other Delta provinces (Table 1) . A statistically significant association was detected between T. gondii (P=0.027) and B. melitensis (P=0.0001) seroprevalence between species (Table 2) . T. gondii seroprevalence was higher in sheep than goats. In contrast, goats had a higher B. melitensis seroprevalence than sheep. Serological screening of the breeds revealed that the prevalence rate of Toxoplasma gondii among sheep was higher in Baladi breeds 35.42% (119 out of 336, P=0.001) than other sheep breeds (Table 2 ). There was no significant difference among sheep breeds could be detected for brucellosis. All samples collected from Barki sheep had no detectable toxoplasma infection. Seroprevalence for 76 goat breeds showed that Zarabi had higher toxoplasma infection than other breeds (P=0.033). However, Baladi goats had the highest percent of Brucella infections (59.09%, P=0.024, Table 2 ). Table 2 revealed that large flocks size and grazed animals had higher toxoplasma infection than small size and non grazed flocks (P=0.0001, P=0.001) respectively. In contrast, small size and non grazed flocks were shown more seropositive for brucella infection than large and grazed flocks (P < 0.003, P < 0.001, respectively). 2 Chi squire value χ 2 = 13.34** (P < 0.0097).
The significant differences are within column. 
Trial 2
Effect of Toxoplasmosis and Brucellosis on Performance and Blood Chemistry of Ewes and Does
In this study we investigated the effects of Toxoplasma gondii and Brucella melitensis infection on sheep and goats , health and performances through examining the changes in the blood metabolites of the infected animals. These parameters give an indication about the effects of these causative agents on animals , health and performance.
These results revealed that Toxoplasma gondii and Brucella melitensis infection had no significant effect on serum total protein and C reactive protein levels in ewes (Table 3) . However, they decreased albumin/globulin ratio (A/G ratio) and AST enzyme activity. Toxoplasma gondii infection significantly decreased serum albumin level in ewes however; Brucella melitensis infection had no significant effect on it. In addition, the activity of serum ALT enzyme was significantly increased in Toxoplasma gondii and Brucella melitensis infected ewes. Also, serum levels of globulin, urea, triglyceride and cholesterol were significantly increased in infected ewes (Table 3) . Table 4 ). In contrast, brucellosis significantly increased serum triglyceride and C reactive protein levels in goat however; toxoplasmosis has no significant effect on them. Both toxoplasmosis and brucellosis have no significant effect on serum activity of ALT (Table 4) . Values carrying the different letters are significantly different at P < 0.05.
Effects of toxoplasmosis and brucellosis on animal performance were revealed that litter size was significantly reduced in goats infected with Brucella meletensis compared to healthy and Toxoplasma gondii infected animals (P < 0.05) as shown in Table 5 . However, mortality rates were higher in kids born from does infected with Toxoplasma gondi than those born from healthy or Brucella meletensis infected does (P < 0.05). There were no significant differences between sheep groups either healthy, infected with Toxoplasma gondi or Brucella meletensis in litter size and mortality rates of lambs. In addition, toxoplasmosis or brucellosis had no effect on maternal body weight of both ewes and does in comparison to healthy ones. 
Discussion
Toxoplasma gondii causes more important reproductive disease in both human and animals as a zoonotic protozoon. Toxoplasma. gondii causes heavy economic losses to sheep and goats industry worldwide and is considered as one of the main causes of infectious ovine and caprine abortion (Buxton et al., 2007) . The spread of ovine toxoplasmosis in Kafr El-Sheikh province as compared with other Nile Delta provinces may be attributed to its climatic condition that was favorable for oocysts survival because toxoplasma infection occurs in temperate sheep-rearing countries worldwide (Aitken, 2007) . Significant increase of seroprevalence of T. gondii in Kafr El-Sheikh province (>50%) might reflect an increased contamination of the environment (mainly food production or storage places, pastures) with oocysts. The rates of Toxoplasma gondii infection in sheep and goats revealed in this study were in agreement with the results of Hassan et al. (2000) who reported that the incidence of Toxoplasma gondii infection in Egyptian sheep and goat flocks suffering from abortion were 9.4% to 6.9%, respectively. The toxoplasma prevalence rates found in this study were higher in sheep than goats (31.01% vs. 17.11%). This finding was disagreed with the results reported by Ahmed et al. (2008) and Ramzan et al. (2009) who concluded that goats are more susceptible to toxoplasmosis than sheep due to their higher activity and movement. These activities increase the probability of contact with contaminated sources. These disagreements may attributed to grazing pattern where many sheep flocks were grazed daily while the goats , flocks that examined in this survey were housed. Therefore, the possibility of contact with contaminated pastures and food during grazing was high in sheep flocks. Flock size may consider a significant risk factor because it increases the chance of infection by increasing contact between animals and contaminated sources of infection such as cats' faces. In addition, management of large-sized flocks usually requires more work and effort than small-sized flocks. This finding was consistent with a previous study by Caballero-Ortega et al. (2008) who reported that large flocks had an approximately 2.23-fold higher risk of having positive cases of Toxoplasma gondii among aborted animals compared to smaller flocks. Transmission of Toxoplasma gondii transplacentally was recorded in one lamb in this study. This agreed with many studies (Morley et al., 2008; Buxton et al., 2007) , although toxoplasmosis causes abortion only once in infected animals. Dubey and Kirkbride (1989) reported that 80 ewes produced 144 lambs, 30 of which were born dead and toxoplasma was detected in 11 of the dead lambs.
Brucellosis is a zoonotic disease transmitted by direct or indirect contact with infected animals, soiled pasture and corrals, ingesting infected milk and with semen from male to female animals (Renukaradhya et al., 2002; Al-Majali, 2005) . The overall estimation of seroprevalence of T. gondii in Nile Delta regions was generally higher than B. melitensis. This may be attributed to periodical examination of small ruminants by the Veterinary Service Agency to brucella infection and slaughtering the infected animals. These screening procedures reduce the spread of brucellosis among small ruminant compared to toxoplasmosis. Brucellosis is endemic at high levels among the large ruminant population of the studied village in the Nile Delta region of Egypt, where the main risk factor for cattle and buffalo seropositive status is the presence of sheep or goats in the same household (Hannah et al., 2011) .
In addition to their serious effects on sheep and goat performance, Toxoplasmosis and Brucellosis have harmful effects on animals' health as they disturb vital organs , function, which appear in the form of changes in blood biochemical parameters.
Toxoplasmosis and Brucellosis decreased serum total protein level in goat and serum albumin levels in sheep and goat while, the activity of serum ALT was elevated in sheep. These findings were in line with that indicated by (Suzuki, 1971 , Portugal et al., 2004 , Al-Kaysi et al., 2010 Al-Hussary & Al-Zuhairy, 2010) who, found that serum levels of total protein and albumin were reduced in animals infected with Toxoplasma and Brucella while, the activities of AST and ALT were increased. However, El-Shazly et al. (2001) and Ustun et al. (2004) found no significant differences in the liver function between infected and non-infected rats. These changes may due to liver damage caused by Toxoplasma and Brucella which increased the release of liver enzymes into the serum while, decreased albumin synthesis by reticuloendothelium cells in the liver. Blais and Chamberiand (1993) and Calderaro et al. (2009) recorded that toxoplasmosis leads to extensive damage in the liver cells and changes their enzymes activities. This liver damage leads to metabolic changes causing decrease in hepatic protein synthesis (Boothroyd et al., 1997; Montoya & Liesenfeld, 2004) . Also Toxoplasma and Brucella may infect and damage kidney, which increase protein excretion in the urine and lead to hypoalbuminemia (Stockham & Scott, 2002 ).
Toxoplasmosis and Brucellosis increased serum globulin level in sheep. This finding was agreed with that of Abenga and Anosa (2005) and Torda (2001) who indicated that parasite infection increased serum gamma globulins in infected animals that may due to host parasite interaction. However, brucellosis decreased serum globulin level in goat that may due to the harmful effect of brucella on the immune system in the body or due to the difference in the body reaction against the infective agent (Mordue et al., 2001 ).
Toxoplasmosis and Brucellosis decreased the serum AST activity in sheep and goat this effect was in contrast to the result of previous studies (Suzuki, 1971; Portugal et al., 2004; Al-Kaysi et al., 2010; Al-Hussary & Al-Zuhairy, 2010) . This difference may due to the activities of liver enzymes differed according to intensity of the inflammatory condition caused by infective agent (Khan et al., 1997) . The other possible cause is that AST is not produced by liver only but also by muscle and heart cells. Thus, any defect in these cells leads to changes in serum AST activity. It was indicated that toxoplasma and brucella infect the heart and muscles and harm their function (Radostits et al., 2007; Al-majali, 2005; Moss & Henderson, 1999) .
In addition to their adverse effect on the liver function brucellosis and toxoplasmosis also increased the blood urea nitrogen in sheep that may due to their deleterious effects on the kidney which decrease the excretion of urea from the body and subsequently increased its serum level (Dubey, 1997) . Toxoplasma cysts were found in the kidneys of the infected mice and led to many pathological changes in their tissues (Fayed et al., 2004; Hammouda et at., 2006) . In contrast, brucellosis and toxoplasmosis decreased blood urea nitrogen in goat this result may due to restricted food intake in infected does or increased food intake in non-infected does. It was reported that intake of protein rich diet increased blood urea nitrogen (Torell et al., 1974) This study revealed the toxoplasmosis increased serum triglyceride and cholesterol levels in infected ewes. Our finding was in agreement with that of (Stockham & Scott, 2002) . Also Djoumessi (1989) and Rimland et al. (2006) found that parasitic and HIV infection elevates lipoproteins like high density lipoprotein (HDL), low density lipoprotein (LDL) and total cholesterol levels. However toxoplasmosisdecreased serum cholesterol levels in infected does and this finding was in consistence with that of Azhar et al. (2012) who indicated that T. gondii decreases serum cholesterol and triglyceride and LDL levels, while increases serum HDL level. T. gondii alters host cell metabolism because it uses host metabolic products for its own metabolic pathways (Al-Kennany et al., 2007) as Toxoplasma cannot synthesize cholesterol and depends upon acquisition of LDL derived from the host cells (Coppens et al., 2000; Portugal et al., 2008) . These differences in effect of toxoplasma gondii on the triglycerides and total cholesterol levels in sheep and goats may attributed to the difference in the stage of the disease as acute parasitic infection results in decreased levels of HDL and LDL and moderately increased triglycerides (Nilson et al., 1990; Khovidhunkit et al., 2004) .
Our study showed that brucellosis increased serum levels of triglyceride and cholesterol in infected ewes and serum triglyceride in infected does and this result agreed with that of Amal (2009) who indicated that Brucellosis increase in plasma total cholesterol, LDL-cholesterol and high level of LDL/HDL ratio in infected patients. Little information is available on the effect of brucella on the plasma lipid profile in infected patients and animals.
Generally, toxoplasmosis and brucellosis did not affect body weight of infected animals. However, litter size was markedly reduced in goats infected with Brucella melitensis. Because Brucella spp. is known to produce abortion at all stages of gestation and prevelance of brucellosis in this study was higher in goats than sheep. Therefore, this may explain why infected goats with Brucella melitensis had few litter size. In current study, mortality rates in both infected goats and sheep with T. gondii were high significantly in goats and numerically in sheep in comparison to non infected goats and sheep. The effect of maternal infection with T. gondii on the surviving neonates was studied in mice by Maria et al. (2009) who found that mortality increased at first week of age due to maternal infection with T. gondii.
Conclusion
These results indicated that toxoplasmosis is widely spread than brucellosis in small ruminants living in the provinces of Delta. Both toxoplasmosis and brucellosis had haurmful effects on animals' health. Large flock size and grazing system should be considered in the eradication and control of the spread of these agents.
